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With what began as looking at a well-studied topic in neurobiology, namely inhibitory 
synapses in the rat brain, the realization of the presence of specific vesicles led to a project that is 
quite unique in its purpose. There is a limited amount of resources to begin with when looking at 
inhibitory axons. This gets limited even further when one decides to use serial electron 
microscopy and takes sections of the lateral amygdala (LA) to look at. Then, once you further 
filter that down to the presence and morphology of synaptic and dense core vesicles (DCVs) in 
these inhibitory synapses, the literature is essentially nonexistent. 
In my research, I went in and carefully looked at the morphology of the vesicles located 
in inhibitory axonal boutons, focusing greatly on DCV. One can easily find literature concerning 
vesicles in excitatory, glutamatergic axons. Literature that discerns their probable contents and 
functions, but the goal here was to see if these trends held in inhibitory axons. With great time 
and many steps it was found in my research that they did not. This is not all negative, however, it 
creates somewhat of a launch pad for where research can go from here because it is crucial to 
understanding fear conditioning to find out why these vesicles look and act the way they do.   
Serial electron microscopy was used to visualize these brain sections and this was the 
underlying reason why it was so important to study this topic. In the grand scheme of all of the 
scientific literature that is out there, the amount obtained using electron microscopy tends to be 
scarce and outdated. Some crucial roles of this technique are the ability to see axonal 
degeneration, the inputs and outputs of neural circuits at the sub-cellular level, and the cellular 
morphology during synaptic plasticity (Torrealba and Carrasco, 2004). This information and 
amount of amazing detail cannot be seen using other visualization techniques which is why my 
lab works to showcase all of the cellular components and processes you can see using electron 
microscopy (See Fig. 1). In what looks to be a mess of circles and dots, with practice, one begins 
to easily identify things like axons, dendritic spines and shafts, mitochondria, and of course the 
main focus of my research, vesicles.  
Fig. 1. Whole scene of 
a 70 micron section of 
a rat LA. The scene 
shows an axon 
(turquoise), a 
dendritic spine 
(green), a symmetric 
synapse between an 
axon and a dendritic 
spine (red), a 
mitochondria 
(yellow), a dendritic 
shaft (purple), several 
synaptic vesicles 
(orange), and several 
DCVs (pink).  
The scene 
seen in figure 1 
represents the sections of brain I looked at which were taken from the rat LA after fear, safety, 
and handling conditioning. Visualizing these organelles and cellular components takes specific 
tissue preparation to properly stain them against the background to view morphology, 
orientation, frequency, and activity. 
The tissue preparation that was used to do this was almost exact to that done in a paper 
done by Linnaea Ostroff and others in 2010. This preparation involved anesthetizing rats with 
chloral hydrate and perfusing them with heparinized saline and a glutaraldehyde/ 
paraformaldehyde mixture in phosphate buffer (Ostroff et al). In the Ostroff paper, the brain 
tissue was post-fixed after 2 hours while my brain tissue was fixed 24 hours after conditioning. 
Brains were then serially sectioned into 70 micron sections and the area of the tissue surrounding 
the LA was removed. Tissue was then fixed in potassium ferrocyanide osmium and osmium 
tetroxide and dehydrated with a series of ethanols. These ethanols contained uranyl acetate and 
LX-112 resin and were cured at 60 degrees Celsius for 48 hours (Ostroff et al., 2010). This same 
tissue preparation was done for each of the three experimental groups of rats. 
With fear conditioning, a rat is trained to associate an aversive stimulus with a location or 
another stimulus which in this case, was an auditory tone. An example of an aversive stimulus 
that was used in this experiment was a foot shock. This pairing causes the rat to freeze after the 
tone is played even if the tone is not followed by the aversive stimuli. With safety conditioning, a 
stimulus (auditory tone) predicts the absence of a shock. This causes the animal to suppress its 
fear and therefore feel safe if the tone is heard. In a paper done by Linnaea Ostroff and others, 
they also studied the effects of fear and safety learning in the LA, however, they focused on 
excitatory axons while I focused on inhibitory axons (Ostroff et al., 2010). 
The focus of this study was to observe how fear learning strengthens synapses and 
increases their size. To measure the effect of learning, they used serial EM, as I also did with my 
research, to look at changes in dendrites (Ostroff et al., 2010.) The dendrites were reconstructed 
before and after fear and safety conditioning and they found that fear conditioning created larger 
synapses on spines and safety conditioning resulted in smaller ones. It is appropriate to study fear 
conditioning in the LA because this portion of the brain functions in emotional behavior and 
learning. The function of the amygdala that was crucial to my research is its function in storage 
and acquisition of fear memories associated with auditory stimuli (Ostroff et al., 2010). Another 
crucial aspect of the LA is its interaction with serotonin. During fear or safety conditioning, 
serotonin is released in the amygdala and plays a role in stress, anxiety, and depression (Muller 
et al., 2007). 
Another central point of study for many researchers looking at conditioning in both 
inhibitory and excitatory axons, are the synapses that these axons make with dendritic spines or 
shafts. Most of the axons in my dataset formed synapses with spiny dendrites, which means that 
they are all presynaptic to pyramidal cells (Ostroff et al., 2012). There are two broad classes of 
synapses that can be seen in the brain: symmetric and asymmetric synapses. These terms refer to 
the width of both pre- and postsynaptic densities in relation to one another. Symmetric synapses 
are often equal on both the pre- and postsynaptic side while the asymmetric synapses usually 
have a wider postsynaptic density on the receiving cell (Fig. 2). Also evident in figure 2, is the 
different types of vesicles within the axons depending on the synapse they make. Asymmetric 
synapses are usually found with round vesicles in their axon and a thick postsynaptic density 
while symmetric synapses usually contain darker, flattened vesicles in their axons and have thin 
postsynaptic densities.  
Aside from their physical appearance, these synapses also vary in function. It is a general 
convention that glutamatergic axons make asymmetric, excitatory synapses and any other type of 
axon, whether it contains GABA, serotonin, dopamine, or norepinephrine, are thought to make 
symmetric, inhibitory synapses (McDonald et al., 2002). Excitatory synapses are glutamatergic 
because glutamate is an excitatory neurotransmitter while inhibitory synapses contain the 
inhibitory neurotransmitter, GABA. The purpose of an excitatory synapse is to pass an excitatory 
signal to its receiving cell in order to facilitate the generation of an action potential, and 
therefore, synaptic transmission. Likewise, the purpose of an inhibitory synapse would be to 
decrease the likelihood of an action potential in the receiving cell and therefore, slowing synaptic 
transmission. 
Asymmetric synapses make up the majority of synapses in the brain. In my research, 
however, I was working with brain tissue in the LA and focused on symmetric synapses. When 
talking about fear conditioning, there is great change in the synapses of excitatory axons. In 
addition to this, though, there is also great use for the GABAergic, inhibitory network when 
creating and storing fear-related memories (Szinyei et al., 2007). GABAergic interneurons make 
up a large percentage of neurons in the LA. They are a part of a great network involving the 
thalamus, cortex, projection neurons, and many feedback and feedforward axonal circuits 
(Szinyei et al., 2007).  
 
 
Fig. 2. A symmetric and asymmetric 
synapse. This photo was taken from 
The Fine Structure of the Nervous 
System: Neurons and Supporting Cells 
and shows a section from a rat cerebral 
cortex with a symmetric synapse 
between two axons in blue and an 
asymmetric synapse between an axon 
and a dendritic spine in green. (Peters 
et al., 163)  
 
 
Referring back to figure 1, the most numerous object in the photos are vesicles contained 
within the axons. These are referred to as synaptic vesicles and can be broken down into two 
subgroups: the readily releasable pool and the central reserve pool (Ostroff et al., 2012). This can 
be seen in figure 3 which shows the distinction between the two populations. The readily 
releasable pool of synaptic vesicles usually contains neurotransmitters such as acetylcholine, 
dopamine, serotonin, glutamate, or GABA. When the cell receives an action potential, these 
synaptic vesicles fuse with the synapse junction at the presynaptic membrane and discharge their 
neurotransmitters (Peters et al., 120). These then bind with specific receptors on the postsynaptic 
cell and causes the action potential to propagate. Once these releasable pool of vesicles fuse with 
the cell membrane and release their contents, it is believed that the central pool of vesicles can be 
mobilized to replenish these vesicles that need to be released (Ostroff et al., 2012). 
 
 
 
 
 
Fig. 3. Two distinct pools of 
synaptic vesicles. An axon (green) 
making a symmetric synapse with 
a dendritic spine (red) can be 
seen. Vesicles in the readily 
releasable pool (blue) congregate 
at an active zone to eventually be 
released into a synaptic cleft to 
release their neurotransmitters. 
Vesicles in the central reserve 
pool of synaptic vesicles (circled 
in yellow) serve to replenish the 
readily releasable ones.  
 
 
 
 
There are many different variations of synaptic vesicles and it is unclear if these affect 
the function of the axons or the synapses they are released from. One general consensus about 
synaptic vesicles is their size. They are traditionally 40 to 50nm in diameter (Peters et al., 145). 
Synaptic vesicles usually contain fast-acting neurotransmitters that are used for cellular 
communication. In this process, neurotransmitters are stored within synaptic vesicles inside an 
axon. Then, an action potential is initiated in the axon and this causes a depolarization in that cell 
membrane. Calcium channels then open and allow calcium to enter the cell which then causes 
the vesicles to fuse with the cell membrane and be released into the synaptic cleft at the active 
zone (Peters et al., 1991). There are specific receptors for these neurotransmitters on the cell 
membrane of the receiving cell, potentially a dendritic spine or shaft, and the electrochemical 
message is propagated.  
The general assumption is that if axons contain small, dark, pleomorphic synaptic 
vesicles (Fig. 4A), it is likely that they are GABAergic, inhibitory axons, which was the case for 
most of the axons I looked at. This is because GABA reacts to the staining in a way that causes 
the vesicles to become less round and more oblong in shape and darker in color (McDonald et 
al., 2002). In contrast, excitatory axons that form asymmetric synapses usually contain large, 
clear, and round vesicles (Fig. 4B) and this is due to glutamate’s lack of reaction to staining that 
the GABA has.  
Many axons contain other types of synaptic vesicles such as large, dark, and round (Fig. 
4C), small, dark, and round (Fig. 4D), small, clear, and round (Fig 4E) or small, clear, and 
pleomorphic (Fig. 4F). This has not yet been studied but it is the assumption that some of these 
axons may be dopaminergic or serotonergic, meaning that dopamine or serotonin can be co-
released with GABA as well which would explain why some axons are shown to have synaptic 
vesicles that are not always small, dark, and pleomorphic. 
 
 
Fig. 4. Different types of synaptic vesicles. (A) Small, dark, pleomorphic (B) Large, round, clear 
(C) Large, dark, round (D) Small, dark, round (E) Small, clear, round (E) Small, clear, pleomorphic  
 
In addition to synaptic vesicles, the dark, pink vesicles in figure 1 appear to stand out, 
both because of their size and their staining (Fig. 1). These are what are known as dense core 
vesicles. (Fig 5). There is very little data on DCVs at all, let alone ones that are visualized using 
EM and located in inhibitory axons. After looking through thousands of sections of rat LA 
(1,445 to be exact) after both fear, safety, and control conditions, I noticed that these DCVs were 
present much more frequently than they were given credit for. They are frequently given a 
sentence or a paragraph in papers that acknowledge their presence but do not focus on what their 
purpose could be, especially in inhibitory axons and it was a desire of mine to learn more about 
them. 
 
  
 
 
 
 
Fig. 5. Dense core 
vesicles. A small DCV is 
circled in red while a 
large DCV is circled in 
blue. 
 
 
 
 
 
 
Unfortunately, there is little known about the distribution, number of DCVs available for 
secretion or active zone formation, and probability of release (Persoon et al., 2018). In addition 
to this, after great literature searches, there is little known about the universal function and 
contents of DCVs in regards to inhibitory axons. This lack of knowledge about these vesicles 
inspired my research. Although it is unclear what the contents of these DCVs may be, there is 
agreement on what sizes they can potentially be. This ranges anywhere from 60 microns to over 
100 microns and I chose to group DCVs as being >60nm, >70nm, >80nm, >90nm, or >100nm at 
their widest diameter (Fig. 6).  
  
 
 
 
Fig. 6. Different 
size categories 
of DCVs. (A) 
>60nm small 
DCV (B) >70nm 
small DCV (C) 
>80nm small 
DCV (D) >90nm 
small DCV (D) 
>100nm large 
DCV 
 
 
 
 
 
 
 
 
 
 
Aside from differing by size, DCVs can also differ by their fill. They can appear as being 
completely solid, and therefore appearing completely black when stained, clear, or they can be 
seen having a clear outer membrane with a dark core inside (Fig. 7). It is unclear what the 
different fills of these vesicles may mean but it was one goal of this research to see if the 
differently filled vesicles tended to be located in certain areas of the cell or corresponded to 
specific types of synaptic vesicles.  
  
 
 
 
 
Fig. 7. Possible fills of DCVs. 
(A) a solid-filled small DCV 
(B) a core-filled large DCV 
(C) a clear-filled large DCV 
 
 
 
 
 
 
 
 
 
 
 
The location of these DCVs can also have several possibilities. They can be found in the 
central pool, among the numerous synaptic vesicles as most tend to be, in the periphery of the 
cell which is usually free of synaptic vesicles and is seen farther removed from the center of the 
axon, at the edge of an active zone (AZ edge), or where a synapse is forming, at the center of an 
active zone (AZ center), or potentially located in the shaft of an axon (Fig. 8). 
 
 
  
 
Fig. 8. Possible 
locations of DCVs. (A) 
A large DCV with a 
core located in the 
central pool of the 
axon (B) A small DCV 
with a clear fill 
located at the center 
of the active zone (C) 
A large DCV with a 
clear fill located at 
the edge of the active 
zone (D)A small DCV 
with a clear fill 
located in the 
periphery of the axon 
 
 
 
 
Most research that is already published about DCVs are looked at in excitatory axons and 
in different areas of the brain. Sorra and others in their 2006 paper, focused primarily on mature 
hippocampal slices, not the LA (Sorra et al., 2006). They also looked at excitatory, asymmetric 
synapses while I focused on symmetric, inhibitory synapses. They separated these DCVs into 
two categories: large and small. They classified small DCVs as being 60nm to 80nm in size 
while the large ones were considered to be 80nm to 120nm in size. In my research, large DCVs 
(Fig. 6E) were taken to be greater than 100nm while small DCVs were taken to be any DCV less 
than 100nm and greater than 60nm (Fig. 6A- 6D). 
The cut-off for DCVs was 60nm because synaptic vesicles traditionally range from 40nm 
to 50nm and these are visually, and presumably functionally different than synaptic vesicles as 
previously stated. However, as Jay Muller acknowledges in his 2007 paper, it can sometimes be 
difficult to discern synaptic vesicles from DCVs. This can occur if you are looking at a clear 
DCV that is close to 60nm in size because it can easily be confused with a larger clear synaptic 
vesicle that can be teetering a the high-fifty-micron level (Muller et al., 2007). 
 Large DCVs (Fig. 6E) most likely contained amine transmitters or neuroactive peptides. 
The large DCVs that contain amine transmitters can be released at synaptic or extrasynaptic sites 
while the neuropeptides stored in these large DCVs can only be released extrasynaptically 
(Torrealba and Carrasco, 2004). These peptides usually coexist with other neurotransmitters and 
differ in their longevity. Specifically, neurotransmitters function primarily in fast transmission 
which takes place in milliseconds while neuropeptides communicate more slowly but also have 
effects that can last from seconds to minutes (Dominguez et al., 2017). Neuroactive peptides are 
usually released into the synaptic cleft along with another neurotransmitter. Some examples of 
this are Neuropeptide Y which usually co-exists with norepinephrine and epinephrine, 
Somatostatin which usually co-exists with GABA, TRH which usually co-exists with serotonin, 
VIP which usually co-exists with acetylcholine, and Neurotensin which usually co-exists with 
dopamine (Ramirez-Franco et al., 2016).  
DCVs that contain these neuropeptide-neurotransmitter pairs can occasionally be seen 
fusing with the presynaptic membrane when a synapse is formed, similar to small DCVs. This 
occurrence, however is rare because it is believed that there is a very small percentage of DCVs 
that can actually fuse at the presynaptic membrane (Persoon et al., 2018). Primarily, these large 
DCVs function to release small amounts of neuropeptide or neurotransmitter at a time as 
opposed to the “all-or-nothing,” release seen with neurotransmitters in synaptic vesicles when an 
action potential is fired. The advantage of this slow release is that the neuropeptides cannot be 
immediately depleted and used up. This allows the neuropeptide, which traditionally function as 
signaling molecules to do its job for a longer period of time (Persoon et al., 2018).  
The small DCVs (Fig. 6A- 6D) have a different function than the large ones. Sorra, et al. 
concluded that the small DCVs, most likely contained proteins that were used to assemble the 
presynaptic active zone where neurotransmitters are released after an axon fires an action 
potential (Sorra et al., 2006). This was also a similar conclusion of Linnaea Ostroff and others in 
their 2012 paper who noted that small DCVs increased at active synaptic zones of mature cells 
during synaptogenesis (Ostroff et al., 2012). Two of these active zone proteins that are 
traditionally found in small DCVs are known as Piccolo and Bassoon. Some other crucial 
functions of these proteins are localizing voltage-gated calcium channels, assembling the cell’s 
actin cytoskeleton which is used for cell motility, and priming the synaptic vesicles for fusion 
with the postsynaptic membrane and therefore neurotransmitter release (Gundelfinger et al., 
2016).  
  The function and morphology of DCVs seems to be fairly well-established when it 
comes to excitatory axons which is why I wanted to see if I could find evidence to support these 
facts in inhibitory axons. When this research originally began, the primary goal was to look at 
inhibitory axons forming symmetric synapses in fear and safety conditions. This consisted of 
first, taking note of the target of the synapse, which refers to what the axonal bouton was actually 
making a synapse with, which was usually dendritic spines. Next the morphology of the synapse 
was discerned which, because these were inhibitory axons, were primarily symmetric. This was 
followed by noting the orientation of the synapse which, if sectioned at an odd angle, could be 
considered oblique, but this was infrequent. Next, the actual postsynaptic density was measured 
which, on average, was found to be about 0.092 microns.  
 The next steps consisted of noting the number of multivesicular bodies, which the 
majority contained none, and mitochondria, where the majority of axons contained at least one. 
The information most important to me was the number of large DCVs, small DCVs, synaptic 
vesicle morphology, and synaptic vesicle fill. I used this set of measurements to further focus my 
research by narrowing down the 443 synapses, down to only ones whose axons contained DCVs. 
I then recorded the total number (large or small) DCVs in each bouton, the fill of the individual 
DCV, their size, location, and the synaptic vesicle appearance in their axons. 
After doing this research, it is safe to assume that not all of the axons I looked at, were 
entirely GABAergic. If this were the case, the only synaptic vesicles I would have seen would 
have been small, dark, and pleomorphic because of GABA’s reaction to the staining protocol. 
However, I found six different variations of synaptic vesicles which leads to the assumption that 
these axons contained neurotransmitters outside of GABA, such as dopamine or serotonin (Fig. 
4). These other neurotransmitters could have led to the different appearance of synaptic vesicles. 
However, the synaptic vesicles were consistent in all of the individual boutons of a given axon. 
The most common type of synaptic vesicles were found to be small, dark, and 
pleomorphic in the fear, safety and control groups. This supports that most of the axons were, in 
fact, GABAergic. However, the second most abundant, in the case of the safety and control 
group, was the large, round, and clear synaptic vesicles which implies that GABA is not the only 
neurotransmitter involved here. In the fear group, aside from the small, dark, pleomorphic 
vesicles, the distribution of the other types of synaptic vesicles were equal in number. This 
further shows the presence of other neurotransmitters (Fig. 9).  
 
Fig. 9. Breakdown 
of synaptic vesicles 
by type. The most 
abundant in all 
three groups were 
the small, dark 
pleomorphic 
vesicles which 
implies that GABA 
is the primary 
contributor to the 
inhibitory axons in 
the rat LA. 
However, the 
presence of the 
other synaptic 
vesicle types 
implies the 
presence of other 
neurotransmitters.  
 
As for the DCVs, they were broken down by synaptic vesicle, fill, location, number per 
bouton, and most importantly, size. The DCV size bracket found at the greatest frequency in all 
three groups was the >100 micron large DCV. The next most abundant DCV in the safety and 
control group was the >80 micron small DCV. For the fear group, the abundance decreased as 
size did.. The least abundant in all three of the groups was >60 microns. Although the >100 
micron DCV were found at the greatest number in all three conditions, this is overridden by the 
fact that DCV are considered small when they are anywhere from 60 to 99 microns which makes 
up the other four bars on all of the histograms (Fig. 10.) This leads to the conclusion that small 
DCV are more abundant than large DCV which may imply that it is more crucial for the 
inhibitory cells to focus on the active zone with active zone proteins (if that is what the small 
DCV contain) than the slow release and use of neuropeptides contained in large DCV.  
 
 
 
Pie Chart of sv appearance; categorized by group
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Fig. 10. All DCV by size. The most abundant DCV size were those >100 microns but the most 
common DCV type seen in all three conditions was the small DCV because these are made up of 
the >60, >70, >80, and >90 micron DCV as well.  
 
The average number of DCV per bouton was also looked at in excitatory axons and in my 
research, inhibitory axons. In one paper specifically (but seen in many others) the average 
number of small DCV were reported to be two to five per bouton in excitatory axons in 
hippocampal neurons (Bresler et al., 2004). This sparked interest in seeing if this trend followed 
in inhibitory synapses in the LA. I found the average number of small DCVs per bouton to be 
around 1, which is below the minimum found in excitatory axons (Fig. 11). In addition to this, in 
the case of the large DCV, the safety group showed the lowest average of DCV followed by the 
fear group and then the control group. In the case of the small DCV, in contrast, the fear group 
showed the greatest number of DCV, followed by the safety group and then the control group.  
 
Histogram of DCVsize; categorized by group
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Fig. 11. Number of DCV per bouton by DCV size. The large DCV were found least in the safety 
group followed by the fear and control groups, respectively. The small DCV were greatest in the 
fear group, followed by the safety group, and then the control groups.  
 
The most common fill in all three groups was, by far, the clear filled DCV (Fig. 7C). This 
is most likely because it is very easy to discern the solid or cored DCV and any other deviation 
from those two types are considered to be clear. In the case of the fear and safety groups, the 
next most abundant fill was the solid DCV. The control group, however, showed a slightly 
greater number of cored DCV than solid (Fig. 12).  
A potential point of error in classifying core and solid DCV may have been if some DCV 
responded differently to staining so we were just unable to see the core, or that the core was so 
large that it was too difficult to see the clear outer membrane. This could have caused some core 
and solid DCV to be confused and classified improperly. There is little literature available that 
acknowledges the presence of three types of fills for DCVs. Because they have the word “core” 
in their name, a great amount of research only considers the cored vesicles to be proper DCV 
which could potentially cause them to eliminate great numbers of DCV that appear as clear or 
solid.  
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Fig. 12. Breakdown 
of DCVs by fill. The 
most abundant in all 
three cases was the 
clear-filled DCV. For 
the safety and fear 
groups this was 
followed by the solid 
and then cored DCV 
while the control 
group found more 
cored DCV than solid. 
 
 
 
 
When broken down by location, the most common location to find DCV are in the central 
pool of the axon. This is concurrent with literature that focuses on excitatory axons as well 
(Ostroff et al., 2012). This could potentially be because smaller DCV could be mistaken as 
readily releasable synaptic vesicles and could not be accounted for at the active zone. This could 
also be because a researcher may not follow an axon through multiple sections or may lose it 
along the way and miss DCVs located in the periphery. The next most abundant location in all 
three conditions was in the periphery. This was followed by the edge of the active zone and the 
center of the active zone, respectively, in all three conditions. The least common location of 
DCV, only found twice in the safety group out of all of the axons, was located in the shaft (Fig. 
13). For the same reason of improperly following an axon through its entirety, this number could 
have potentially been greater than recorded.  
 
Pie Chart of DCV fill; categorized by group
Val DCVs.sta 22v*543c
DCV fill
group: safetyLTM
solid, 48
core, 23
clear, 152
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solid, 27
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clear, 116
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solid, 20
core, 22
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Fig. 13. 
Breakdown of 
DCV by location. 
For all three test 
groups the most 
common location 
was located in 
the central pool 
of the axon. This 
was followed, 
respectively, by 
the periphery, 
active zone edge, 
active zone 
center, and the 
shaft.  
 
 
 
 
The hope in looking at these different aspects of DCV was to try to find trends that  
corresponded exclusively to the group of rats that was fear conditioned, safety conditioned, or 
the control group. However, the only consistent trend for all of the parameters studied in all three 
of the groups was that each group had the same majority of each of the parameters. With the lack 
of trends in morphology or location between the three groups, we looked to see the breakdown of 
DCVs by the two most common synaptic vesicle types (small, dark, pleomorphic and large, 
clear, round) to see if one could be used to predict the other. For example, if solid DCV were 
found only with large, round, clear synaptic vesicles in their axons, one could reasonably assume 
that there is some relationship between this type of DCV and something other than GABA.  
 When breaking down the DCV by size as well as fill, the most abundant fill of DCV in 
axons with small, dark, pleomorphic synaptic vesicles, was clear. For DCV >60 microns, in all 
three groups, the overwhelming majority of DCV were clear. The only exception to this was in 
the fear group in which one cored DCV was present. For DCV >70 microns, after clear, the next 
most common DCV fill was solid, followed by cored. For DCV >80 microns, there was a great 
increase in the number of core DCV, but the same trends followed as >70 microns. For >90 
microns, the total number of clear DCV overwhelmed the majority of DCV in the fear and 
control conditions whereas the safety group had almost a third of their vesicles as solid. For >100 
micron DCV, the number of core DCV increased in all three groups from the >90 micron group 
(Fig. 14). 
 
Pie Chart of location; categorized by group
Val DCVs.sta 22v*543c
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Fig. 14. Breakdown of DCV fill by synaptic vesicle type: small, dark, pleomorphic. The most 
abundant fill was clear. This was usually followed by solid and then core DCV in all cases, aside 
from the control condition.  
 
Some potential trends that may be studied with further research is that small DCV 
contain, overall a greater distribution of solid DCV, while large DCV are primarily all clear with 
little variation, regardless of their testing group. Another significant finding may be that all of the 
DCV are, in order of abundance, clear, solid, and cored and this is seen in the fear and safety 
group exclusively, not the control group.  
When breaking down the DCV by size and fill in axons that contain large, clear, and 
round synaptic vesicles, different potential trends were found. There were no >60 micron DCV 
located in these axons. For DCV >70 microns, they only contained clear DCV in all three 
groups. For DCV >80 microns, the clear DCV did not make up the majority for the fear and 
control group. In the safety group the clear DCV represented the majority but for the other two 
groups, the clear DCV were equal in abundance to the solid DCV in the fear group and equal to 
the core DCV in the safety group. For DCV >90 microns, the safety and fear groups showed a 
majority of clear DCV, however, the control group had cored DCV has their majority. For >100 
micron DCV the majority of all three groups was the clear DCV followed by the core and then 
solid in the safety and control group (Fig. 15).  
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Fig. 15. Breakdown of DCV fill by synaptic vesicle type: large, clear, round. There was no 
common clear majority for all of the conditions as with the small, dark, pleomorphic synaptic 
vesicles. In addition, the fear group in showed a rare unique trend of having only clear DCV 
fairly consistently.  
 
The DCV in axons with large, round, and clear synaptic vesicles showed more promising 
trends than those with small, dark, pleomorphic synaptic vesicles. The fear group exclusively, 
had DCV above 70 microns that showed only clear DCV. This trend was seen in three out of 
four of the groups shown in figure 13. This could potentially show that there is some connection 
between the neurotransmitters other than GABA located in the large, clear, round synaptic 
vesicles that are preferentially located with clear DCV.  
The hope of this research was to find trends in the DCV morphology or location that 
would have allowed conclusions to be made on their function in inhibitory axons and their 
relation to synaptic vesicles. For example, had the small DCV exclusively been found at active 
zone centers or edges, it would have been supported that like in glutamatergic axons, small DCV 
function to carry active zone proteins to the synapse and aid in synaptogenesis during 
conditioning. Had the synaptic vesicles been solely small, dark, and pleomorphic, it would have 
been valid to conclude that all of the axons looked at were GABAergic. This, however, was not 
the case with this particular set of research but it was very interesting to see the difference 
between synaptic and dense core vesicles in inhibitory versus excitatory axons.  
A future move for this research would be to do further statistical analysis and an 
additional pass through the data to ensure that vesicles were counted and classified properly. 
This may lead to a realization of trends similar to those seen in excitatory axons, or trends unique 
to inhibitory axons alone. With the research presented, it is still unclear what the actual functions 
of dense core vesicles are with symmetric synapses or how this is affected by GABA and other 
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neurotransmitters. It is my hope that by the time that this research is published that we will have 
new insight on the importance of vesicles and how they are differentially or similarly affected in 
the brain.   
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